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Time series data mining is critical in various domains, notably healthcare
and finance, where 1its applications and implications are particularly
significant. This field 1is driven by representation learning, a key
technology that transforms unstructured time series data into organized,
meaningful vectors. This transformation 1is vital for effective data
analysis, pattern recognition, and strategic decision—making. Traditional
methods in this field have often borrowed techniques from computer vision
(CV) and natural language processing (NLP). While these approaches can be
effective, they may need to fully encapsulate the unique correlations and
sequential patterns intrinsic to time series data. Furthermore, an essential
aspect often overlooked is the multi—granularity nature of time series data.
Understanding interactions and dependencies across different levels of
granularity can unveil a more nuanced and comprehensive representation,
leading to more precise and reliable predictions and decisions.

This research addresses these challenges by investigating representation
learning models of time-series data that operate across various
granularities, a critical element for capturing the intricate dynamics of
temporal data at different detail levels. The study encompasses four topics
in multi-granularity representation learning of time series data. The
research demonstrates the enhanced performance of the proposed methods in
downstream tasks such as classification, prediction, and similar data
retrieval, compared to existing models, by conducting experiments with
public datasets.

The first topic investigates the timestamp level, delving into the fine-
grained details of the data. This level of granularity is essential for
high-resolution insights, capturing subtle yet significant patterns and
minor fluctuations over time. Such fine-grained analysis 1is crucial for
sensitive applications where minute details can substantially impact.

In contrast, the second topic shifts focus to a broader, more macroscopic
view at the segment level. This perspective aims to capture and understand
overall trends and shifts occurring over extended time intervals, providing
a coarse—grained representation of the time series. This type of analysis is
beneficial in scenarios where long—term trends and overarching patterns are
the primary interest.

A novel cross—granularity representation model 1is introduced to bridge
these distinct levels of detail. This innovative model seamlessly integrates
both fine—grained and coarse—grained representations. Doing so offers a more




holistic and comprehensive understanding of time series data. Such an
integrated approach is especially beneficial in complex analytical scenarios
requiring insights into immediate, detailed patterns and longer—-term,
broader trends.

Additionally, the research explores the extension of this model to the
realm of streaming time series data, which presents its unique challenges.
Streaming data, characterized by its continuous influx and real-time nature,
demands prompt processing and the capacity to adapt to rapidly evolving
patterns. Demonstrating the model’s effectiveness in this dynamic
environment underscores 1its versatility and potential for widespread
application across various industries, particularly those where real-time
data analysis is paramount.

In conclusion, this thesis significantly advances time series data
representation learning across multiple granularities. The proposed models
enhance our understanding of temporal data and open new avenues for research
and application in critical sectors like healthcare and finance.
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